Introduction: Arterial hypertension (HT) is one of the most common diseases around the world and constitutes a significant medical, social, and economic problem. Lifestyle changes, including adequate fruit and vegetable consumption, play an important role in controlling blood pressure (BP) and other cardiovascular risk factors. Aim: To compare the influence of adding acetylsalicylic acid (ASA) or standardized tomato extract (STE) to standard hypotensive therapy on the values of arterial pressure and the daily blood pressure profiles of patients with hypertension and high cardiovascular risk. Material and methods: The study included 65 patients with arterial hypertension and high cardiovascular risk. High-risk patients with primary hypertension were randomly allocated in a blinded fashion to one of two groups (ASA or STE). In each case, two visits were made: the first -before the treatment, and the second -after 4 weeks of treatment. During each visit, the patients underwent a clinical measurement of arterial pressure and an ambulatory blood pressure measurement (ABPM). Blood platelet aggregation was assessed using the VerifyNow analyzer. Results: After 4 weeks of treatment, the blood pressure values during the day (p < 0.001), during the night (p < 0.05), and in 24-h BP profiles (p < 0.01) obtained with ABPM were significantly lower in the STE group in comparison to the ASA group. The addition of STE to standard hypotensive treatment resulted in a favorable increase in the nocturnal fall of diastolic blood pressure (DBP) (by 6.5%) and mean arterial pressure (MAP) (by 3.3%). Conclusions: The use of STE is significant in HT patients with high total cardiovascular risk; it is associated with better BP control and improvements in the daily BP profile.
Introduction
Arterial hypertension is one of the most common diseases around the world, constituting a significant medical, social, and economic problem. World Health Organization (WHO) lists this condition as one of the most important global risk factors for death. It is estimated to be responsible for 13% of all deaths. A linear correlation has been found between the values of systolic arterial pressure (SBP) and the incidence and mortality of cardiovascular diseases (myocardial infarction, stroke, heart failure, peripheral artery disease) and renal diseases. Proper modification of lifestyle plays the key role in hypertension (HT) prevention and is an indispensable component of therapy.
Population studies demonstrated that the percentage of inhabitants suffering from arterial hypertension is lower in high-income countries (28.5%) and higher in low-and middle-income countries (31.5%) [1] . It has also been confirmed that changes in lifestyle can have a hypotensive effect comparable to that associated with the use of pharmacological monotherapy [2] . Lifestyle changes of proven hypotensive effectiveness include: low-fat diets rich in vegetables and fruit, limiting the use of salt and alcohol, body mass reduction, regular physical exercise, and cessation of smoking. Appropriate lifestyle changes can also improve the control of the remaining cardiovascular risk factors [2] . Patients with arterial hypertension are recommended to consume 300-400 g of fruit and vegetables [2] .
Current literature on cardiovascular prevention raises the importance of functional foods. Apart from nutritional value, their advantages include the reduction of low-density lipoprotein (LDL) cholesterol concentration, blood pressure control, and maintenance of normal blood coagulability [3] . One example of a functional food is tomatoes and tomatobased products. Tomatoes are a rich source of natural antioxidants, such as polyphenols, vitamins E and C, and carotenes, which inhibit the process of atherosclerotic plaque formation. In 2009, standardized tomato extracts were approved by the European Food Safety Authority (EFSA) as dietary agents for maintaining proper blood platelet aggregation [4] . Mediterranean diet, rich in fruit and vegetables (tomatoes in particular), exhibits significant cardioprotective properties, as confirmed by scientific studies [5] . The anti-atherosclerotic, antiplatelet, and hypotensive properties of tomato extracts stem from bioactive compounds including flavonoids, phenolic acids, and nucleosides [6] . These compounds have been shown to inhibit renin activity and reduce the expression of angiotensin II-converting enzyme [7, 8] . Polyphenols can also influence the formation of endothelial nitric oxide (NO), leading to vasodilation and blood pressure reduction [9] .
The influence of hypertension on cardiovascular risk also depends on the daily fluctuations of blood pressure. Numerous studies have demonstrated greater risk of developing subclinical organ injuries in the group of patients known as non-dippers, in whom the nocturnal blood pressure fall (NBPF) does not exceed 10-20% during waking hours [10] . This group significantly more often suffers from left ventricular hypertrophy, microalbuminuria, intimal and medial thickening of the carotid artery, and neurological complications. The degree of NBPF has prognostic value as well. The association between the lack of NBPF and cardiovascular risk has been confirmed [11] .
The best explored action mechanism of acetylsalicylic acid (ASA) is its antiplatelet effect, but the agent also has other properties. Several studies reported a beneficial hypotensive effect after the addition of small doses of aspirin to hypotensive agents. Acetylsalicylic acid can contribute to the reduction of both systolic and diastolic blood pressure (SBP and DBP) by improving endothelial function [12] . There are few reports on the hypotensive action of standardized tomato extract (STE) and its impact on NBPF [13] .
Aim
The aim of this study was to determine whether the addition of antiplatelet preparations (STE and ASA) to standard hypotensive therapy influences blood pressure and daily BP profiles in hypertensive patients with high cardiovascular risk.
Material and methods

Study design
The study involved 82 high-risk hypertensive patients (44 men and 38 women, aged 28-74 years), and it was conducted between July 2015 and February 2017 in the Department of Hypertension at the Poznan University of Medical Sciences. Seventeen patients withdrew their consent during the study. The study was approved by the local Bioethical Committee of the Poznan University of Medical Sciences (permission no. 377/15) and was, therefore, performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. All patients undersigned written consent forms. The study was listed in the Registration and Results System and obtained the following ClinicalTrials.gov ID: NCT03206944. Patients with primary arterial hypertension and high or very high Key words: arterial hypertension, standardized tomato extract, acetylsalicylic acid, non-dippers, nocturnal blood pressure fall.
wym, wiąże się z lepszą kontrolą wartości ciśnienia i poprawą dobowego profilu ciśnienia. Słowa kluczowe: nadciśnienie tętnicze, standaryzowany ekstrakt z pomidorów, kwas acetylosalicylowy, non-dippers, spadek nocny ciśnienia tętniczego.
OrIGINAL PAPEr total cardiovascular risk were randomized in a blinded fashion (using sealed envelopes) to one of two groups [2] . Group 1 (ASA) included 33 patients who received ASA at a dose of 75 mg in the morning in addition to standard hypotensive therapy. Group 2 (STE) included 32 patients receiving STE (ZAAX, Sequia, Poland) at a dose of 213 mg orally in the morning. The patients received two visits: one to determine baseline values and one after four weeks of treatment, according to the scheme presented in Figure 1 . There were no changes in the concomitant treatment (lipid-lowering, antihypertensive, or antidiabetic), and no nonsteroidal anti-inflammatory drugs (NSAIDs) were used during the study. There were no intergroup differences in the amount or type of antihypertensive drugs.
The exclusion criteria for the study were as follows: secondary hypertension, white coat hypertension, coronary artery disease, myocardial infarction, revascularization, stroke, transient ischemic attack (TIA), peripheral arterial disease (PAD), congestive heart failure, chronic kidney disease (glomerular filtration ratio (GFr) < 30 ml/ min), addiction to alcohol or psychotropic substances, active cancer, congenital or acquired hemostatic disorder, and use of ASA, STE, or other antiplatelet agents within 14 days prior to the study. Additional exclusion criteria for group 2 included hypersensitivity to ASA and active gastric or duodenal ulcers.
Blood pressure measurements
In all the patients, during each visit, clinical blood pressure (BP) measurements were performed three times at rest, in a supine position, in standard conditions, using an upper-arm blood pressure monitor (Omron 705IT). Ambulatory, 24-hour blood pressure measurements (ABPM) were carried out using an A&D 24-hour ambulatory peripheral blood pressure monitor. The frequency of measurements was every 15 min between 7:00 and 22:00, and every 30 min between 22:00 and 7:00. Similarly, the percentage drop in diastolic and mean blood pressure (night blood pressure fall -NBPF) was calculated. Patients with normal NBPF (10-20%) are referred to as "dippers". Patients with NBPF < 10% were classified as "non-dippers", and patients with NBPF exceeding 20% were classified as "extreme dippers" [14] .
VerifyNow ® test procedure
Whole blood samples were collected from a peripheral vein at 1-4 h after the ingestion of a morning dose of ASA or STE, using a 21-gauge needle in a partial fill 3.2% citrate vacuum collection tube. In the study, two types of VerifyNow test kits were used: the VerifyNow Aspirin test and the VerifyNow P2Y12 test. Platelet function was measured at baseline and after 4 weeks of treatment. In group 1 (ASA), the VerifyNow Aspirin test was assayed. In group 2, due to the possible pleiotropic action of STE, the VerifyNow Aspirin and P2Y12 VerifyNow tests were performed. The aspirin test results are reported as aspirin reaction units (ArU), which are calculated as a function of the rate of aggregation. The ArU values lower than than 550 indicate an effective result of ASA, while values > 550 ArU indicate no effect of the drug. The VerifyNow P2Y12 test measures platelet function based on the ability of activated platelets to bind fibrinogen; it provides information on platelet aggregation in P2Y12 reactivity units (PrU). It is considered that optimal antiplatelet activity falls in the range of 95-208 PrU.
Statistical analysis
Statistical analyses were performed with Statistica, version 12.5. (StatSoft, USA). Since the tested data had not met the assumption of Gaussian distribution (evaluated with the Shapiro-Wilk method), non-parametric methods were applied. The Wilcoxon signed-rank test was used for evaluation of the differences between the initial and posttreatment values in terms of body weight composition, blood pressure, and platelet aggregation. To evaluate the differences and correlations between the two independent groups, the Mann-Whitney U test and Spearman's rank correlation coefficient (rs) were used respectively. The data presented in the graphs and tables included median and interquartile ranges. A p-value < 0.05 was considered significant. The influence of adding tomato extract and acetylsalicylic acid to hypotensive therapy on the daily blood pressure profiles of patients with arterial hypertension and high cardiovascular risk
Results
The detailed demographic data of the studied groups have been presented in Table I . There were no statistically significant differences (p > 0.05) between these groups in terms of age or body mass index (BMI) (Tab. I). The baseline blood and lipid profile parameters did not show statistically significant differences between the groups (p > 0.05), except for the higher triglyceride (TG) concentration in the STE group (p < 0.05; Tab. II). No changes in these parameters were observed in either group after 4 weeks of therapy (p < 0.05 in all cases). At baseline, the results of ABPM were significantly (p < 0.05) higher in the STE group than in the ASA group. After 4 weeks of treatment in the STE group, there was a statistically significant reduction in BP during the day (p < 0.001), during the night (p < 0.05), and in 24-hour BP (p < 0.01) values obtained with ABPM (Tab. III). The prevalence of non-dippers, dippers, and extreme dippers before and after the ASA or STE treatment did not differ significantly between the groups (p < 0.05; Tab. IV). There was an increase in the percentage drop of DBP by 6.5%, but statistical significance was not obtained. The percentage drop in systolic BP decreased significantly, and the direction of these changes was unfavorable from the dipper to non-dipper group (p < 0.05; Fig. 2 ). After the treatment, the percentage drop in mean blood pressure fall (NBPF) increased by 1.25% in the ASA group (insignificantly p > 0.05) and by 3.3% in the STE group (p < 0.05; Fig. 3 ). Side effects, such as bleeding, were not recorded in either of the groups. In the presented analysis, ASA resistance was confirmed in 24.2% of the patients (8 from 33 patients).
Discussion
Our aim was to assess the influence of two different antiplatelet preparations on blood pressure values and daily pressure profiles. The STE (dosed at 213 mg/day) was added to standard hypotensive therapy; after 4 weeks, ABPM demonstrated beneficial reductions of systolic, diastolic, and mean pressure. The study group comprised patients with high and very high cardiovascular risk according to the ECS/ ESH 2013 classification [2] . A similar effect on BP in comparison to placebo was observed when hypertensive patients receiving hypotensive treatment were administered tomato extract for 6 weeks. It was demonstrated that adding STE to hypotensive therapy causes a clinically significant reduction in SBP by over 10 mm Hg and DBP by over 5 mm Hg. A correlation was also noted between the values of of systolic pressure and the level of lycopene. The authors suggested that the hypotensive effect is associated with synergistic antioxidant action [15] . A different study presented another possible mechanism of hypotensive STE action, namely the serum increase of nitric oxide -a natural vasodilator with strong antioxidant properties. Polyphenols . BP -blood pressure, SBPd -ambulatory daytime systolic blood pressure, DBPd -ambulatory daytime diastolic blood pressure, MAPd -ambulatory daytime mean blood pressure, Hrd -heart rate in the day, SBPn -ambulatory nighttime systolic blood pressure, DBPn -ambulatory nighttime diastolic blood pressure, MAPn -ambulatory nighttime mean blood pressure, Hrnheart rate in the night, SBP24 -24-h systolic blood pressure, DBP24 -24-h diastolic blood pressure, Hr24 -24-h heart rate, MAP24 -24-h ambulatory mean blood pressure.
Tab. IV. Frequency of non-dippers, dippers, and extreme dippers before and after the ASA or STE treatment Dippers ASA (n = 33) STE (n = 32) Non dippers -nocturnal blood pressure fall (NBPF) < 10%, dippers -nocturnal blood pressure fall (NBPF) 10-20%, extreme dippers -nocturnal blood pressure fall (NBPF) > 20%.
The influence of adding tomato extract and acetylsalicylic acid to hypotensive therapy on the daily blood pressure profiles of patients with arterial hypertension and high cardiovascular risk are considered to have a significant influence on the availability of L-arginine, thus increasing NO concentration [16] .
Engelhard et al. proved that short-term treatment with antioxidant-rich tomato extract can reduce blood pressure in patients with grade-1 hypertension. In their study, patients who did not receive hypotensive agents were administered 250 mg of STE for 2 months, achieving reductions in SBP by 10 mm Hg and DBP by 4 mm Hg in comparison with placebo [17] . These results are very similar to those obtained in the present study. Other suggested mechanisms of the hypotensive action of STE consist in the reduction of chymase activity and the inhibition and reduction of angiotensin converting enzyme (ACE) and renin expression [8] . It has been demonstrated that tomato extract is a natural source of angiotensin II-converting enzyme inhibitors (comparable with synthetic ACEIs) which reduces arterial pressure [7] . In contrast to STE, the present study failed to confirm a hypotensive effect of ASA. No arterial pressure reduction was observed after 4 weeks of ASA treatment. Similar results were published by Avanzini et al.; after administering small doses of ASA, the researchers noted no reductions in SBP or DBP in patients treated for arterial hypertension [18] . Acetylsalicylic acid in small doses does not influence blood pressure values, nor does it reduce the efficacy of hypotensive medication [19] . This may suggest that the influence of ASA on blood pressure depends on the dosage, which, considering the dose of 75 mg used in our study, might explain the lack of the agent's influence on arterial blood pressure. The hypotensive action of aspirin continues to be a matter of debate. There are reports of ASA's hypotensive influence in patients with arterial hypertension. Magen et al. demonstrated that adding low doses of aspirin to antihypertensive agents and statins in patients with HT and hypercholesterolemia can reduce both SBP and DBP by improving endothelial function [12] . The suggested hypotensive mechanisms include the reduction of vasoconstriction through the inhibition of TXA2 production, and the increase of vasodilation caused by increased nitric oxide (NO) production due to the stimulation of endothelial nitric oxide synthase (eNOS), reduced in the presence of endothelial dysfunction. Increased NO synthesis protects the endothelium from the detrimental effect of hydrogen peroxide in vitro, inhibits low-density lipoprotein oxidation, induces ferritin synthesis, and hardens the endothelium against oxidative stress injuries; in animal models, it was shown to protect vascular walls from unfavorable effects of angiotensin II action [20] [21] [22] [23] . One study demonstrated a beneficial influence of ASA on endothelial function and arterial pressure in 21 patients with primary arterial hypertension. The authors noted that the changes were statistically significant when ASA was administered together with statins. They concluded that the final effect resulted from synergistic pleiotropic action of statins and ASA [12, 24] .
The aforementioned results indicate that the studied preparations with antiplatelet properties can reduce blood pressure. Some of the suggested mechanisms of hypotensive action are similar in both ASA and STE. In the present study, the ASA and STE groups had significant baseline differences with regard to pressure values. During the first visit, higher pressure values were observed in the daytime and 24-hour analysis in the STE group. There were no baseline differences between the groups in the dosage or types of hypotensive medication. Importantly, no changes in hypotensive, lipid, or antidiabetic treatment were made during the study. ABPM analysis revealed an additional benefit of STE, i.e., its influence on NBPF. A favorable, though not statistically significant, increase of nocturnal DBP by 6.5% in comparison to initial values was noted in the STE group (Fig. 2) . The increase of the mean NBPF in the STE group (p < 0.05) was higher by 3.3% in comparison to the ASA group, where the drop amounted to only 1.25%, although the difference did not reach statistical significance in ASA group (Fig. 3) .
OrIGINAL PAPEr
The undoubted novelty of this publication lies in the fact that it supplements the knowledge of the influence of antiplatelet preparations on BP. The literature features no studies concerning NBPF after the use of STE. The data on this issue with regard to ASA is scant. The reports published so far on the administration of small ASA doses during evening hours demonstrated reductions in nocturnal pressure. In their study from 2005, Hermida et al. analyzed 257 patients with mild HT who received 100 mg of ASA in the evening, demonstrating that the NBPF among dippers was twice as high as that among non-dippers. Significantly, a mild blood pressure increase was noted when ASA was administered in the morning. After analyzing the ABPM results, the researchers found reductions in both nocturnal and office BP measurements [25] . Of significance in this context are the results published previously by this author, which indicated that larger aspiring doses (500 mg) have a vasoconstrictive effect even when administered in the evening, resulting in increased BP [25] .
The lack of statistical significance in the presented study could have been associated with with the relatively small number of patients, the administration of the agent only once per day in the morning and the short duration of treatment.
Limitations
The duration of therapy in our study was relatively short; it is, therefore, unknown whether the favorable hypotensive effect of tomato extract would persist in longer follow-up. The study groups were relatively comparable in size to those analyzed by other authors.
Conclusions
The use of STE is significant in HT patients with high total cardiovascular risk; it is associated with better BP control and improvements in the daily BP profile.
The presented analysis demonstrated significant hypotensive action of the STE preparation after 4 weeks from its addition to standard hypotensive therapy.
The conducted study may contribute to raising interest in so-called functional foods, especially STE. The search for alternative preparations seems justified as the very broad use of ASA in HT patients (who are always burdened with elevated cardiovascular risk) is being rolled back. The already proven antiplatelet action of STE and its hypotensive action confirmed in this study constitutes a basis for further research.
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